Abstract. Thirty-two female crossbred pigs (initial weight 75 kg) were used in this experiment to investigate the effect of differing porcine somatotropin (pST) regimes on growth performance. Pigs were kept in individual pens and fed ad libitum a wheat-based diet formulated to contain 14.4 MJ DE/kg and 180 g ideal protein/kg. Treatments were daily injection with saline (Sal), daily injection with pST (5 mg) (D), bi-daily injection with pST (10 mg) (2D), and injection with pST (12 mg) every Monday, Wednesday, and Friday (MWF). On the days that pigs were not receiving pST they were injected with saline (0.5 mL). All pST regimes caused a reduction (P < 0.001) in feed intake and feed conversion ratio (FCR), although there was no significant effect on average daily gain. Feed intake decreased after the first injection and, for the D group, remained low and constant. Feed intake for the 2D group was also reduced but not to as great an extent as for the D group. Feed intake in the MWF group showed a clear temporal response, being low during the week but increasing over the latter part of the weekend. Thus, feed intake from Sunday until Monday mornings was 400 g greater (P < 0.001) than from Saturday until Sunday mornings. Therefore, it appears that the effects of pST on feed intake may be reduced when a 3-day interval is used between injections. Back fat was significantly reduced with all pST injection regimes, whereas estimated fat deposition was only significantly reduced in the D and 2D pigs. Plasma urea nitrogen was increased, whereas glucose was decreased during pST administration and the average concentrations of both metabolites during the first week of administration were strongly related (P < 0.001) to FCR over the full 3 weeks of the study (R = 0.733 and -0.683, respectively). Although daily injection with pST appears to give the greatest reduction in feed intake and fat deposition, an alternative pST injection regime involving less frequent pST injections can also improve growth performance similarly in finisher pigs.
Introduction
Genetic selection and increased understanding of nutrition over the last decade or so has led to tremendous improvements in the efficiency of pig production. A characteristic of the improved pig is that it has high circulating levels of the naturally occurring hormone somatotropin (or growth hormone; Wangsness et al. 1977) . It has been known for almost 50 years that injection of pigs with pituitary tissue extracts containing porcine somatotropin (pST) increases protein deposition and decreases fat accretion in growing pigs (Turman and Andrews 1955) . Advances in biotechnology have now provided a means of producing pST on a commercial scale and the efficacy of daily injection of recombinantly derived pST for improving productive performance of swine is beyond doubt (Campbell et al. 1991) . Porcine somatotropin has now been approved for use in the Australian pig industry as a daily injectable metabolic modifier (Dunshea et al. (2002) . Although the improvements in productive efficiency in response to daily pST injection are well documented, it is possible that treatment regimes that use less labour, such as bi-daily injection or injection every Monday, Wednesday, and Friday (on a pro rata basis), may be more favourable options for some producers if they result in similar improvements in productive efficiency. Based on the sustained effect of a single pST injection on plasma IGF-I and the putative growth-promoting mediator of pST action on muscle (Walton and Etherton 1989) , it is possible that less frequent injections of pST may be effective in improving growth performance of pigs. However, some anecdotal evidence suggests that injection intervals greater than 24 h are not as efficacious as daily pST injections. Therefore, the aim of this study was to compare the growth and metabolite responses to various pST injection regimes and determine whether there were efficacious alternative options to daily injections with pST.
Materials and methods
Thirty-two female crossbred (Large White × Landrace) pigs (initial weight 75 kg) were used in this experiment. Pigs were kept in individual pens and had ad libitum access to water from nipple drinkers at all times. From 5 days before the study started, pigs were fed ad libitum with an experimental diet that was formulated to contain 14.4 MJ DE/kg and 180 g ideal protein/kg (Table 1 ). The mixed feed was analysed for amino acids according to the method of Rayner (1985) . The protein and lysine levels were 2% and 10% greater, respectively, than those which maximised protein deposition in pST-treated pigs growing from 80 kg (King et al. 2000) . Pigs were blocked on initial liveweight, feed intake, and P2 back fat (see below), in that order, and randomly allocated within each block to 1 of 4 treatments. The treatments were daily injection with saline (Sal), daily injection with pST (5 mg) (D), bi-daily injection with pST (10 mg) (2D), and injection with pST (12 mg) every Monday, Wednesday, and Friday (MWF). On the days that pigs did not receive pST they were injected with saline (0.5 mL). The pST (Reporcin, Alpharma Animal Health, Toorak) was dissolved in water to a concentration of 10 mg/mL. Injections of pST or saline were given subcutaneously into the extensor muscle of the neck at 0900 hours each day.
Commencing at 0830 hours on the first day, pigs were bled on Days 0, 1, 2, 3, 4, 5, 6, 7, 8, 14, and 21 . Blood was sampled by venipuncture, placed immediately on ice, and centrifuged within 1 h. Plasma was aliquoted and stored frozen until analyses. Immediately after bleeding, pigs were weighed and feed refusals removed from the individual feeders. Fresh feed was placed in the feeders between 0900 and 0930 hours each day. More feed (500 g) was offered than on the previous day to ensure ad libitum feed intake. On Sundays, pigs were offered 700 g/day more than consumed on Saturday to meet the anticipated increase in feed intake in the MWF pigs. Pigs were weighed on Days -3 (for initial blocking), 0, 7, 14, and 21 and back fat at the P2 site (6.5 cm from the midline over the last rib) was determined on Days -3 (for initial blocking), 0, and 21. After bleeding, weighing, and determining P2 on Day 21, pigs were offered 2.0 kg/day of feed and tattooed for identification. On Day 22, pigs were transported 10 km to a commercial abattoir where they were slaughtered within 1 h of arrival. The warm carcass was weighed and back fat at the P2 region determined by intrascope. Body compositions at the beginning and end of the study were predicted from ultrasound back fat at P2 and liveweight (LWT) with equations generated in our laboratory using 116 growing and finishing Large White × Landrace pigs from our herd (D. Suster, unpublished data). The respective equations were: Tissue accretion rates were calculated from the differences in tissue mass at the beginning and end of the study.
Plasma glucose and urea were determined using colourimetric enzymatic kit assays (Sigma Chemicals) adapted for the Cobas auto analyser with suitable standards included in each assay.
Growth performance data were analysed by ANOVA with the model including block and pST treatment. Since one of the Sal pigs was a messy feeder and spilt feed, the feed intake data for this animal were excluded from the analyses. To test whether the MWF pigs consumed more feed on Sunday than on Saturday, the feed data for these days were analysed by ANOVA with treatment and days as the main plots and week as the subplot. Plasma metabolite data were analysed using split-plot analyses with pST treatment as the main plot and time as the subplot. Regression analyses were used to relate average concentrations of plasma metabolites over the first week after commencing the study with feed conversion ratio over the entire 3 weeks of the study. All ANOVA and regression analyses were performed using GENSTAT (Payne et al. 1993) .
Results
Appropriate blocking and random allocation at the commencement of the study ensured that there were no significant differences in initial liveweight or P2 ( Table 2 ). The pST treatment had no significant effect upon average daily gain (ADG) when means for each group were compared, although ADG was 100 g/day greater when the data for the 2D and MWF pigs were pooled. The pST caused a dramatic reduction in feed intake in all treatment groups. Feed intake decreased after the first injection and, for the D group, remained low and constant (Fig. 1) . The feed intake for the 2D group was more variable, although it was difficult to relate to injection protocol. On the other hand, the MWF group showed a clear intake response related to time after injection. Thus, feed intake on Sunday through Monday (48-72 h after pST injection) was 400 g greater than it was on Saturday ( Fig. 1 ; Table 2 ). The D group ate approximately 30% less than the Sal pigs, with the 2D and MWF pigs being intermediate. As a result of the growth and feed intake responses, feed conversion ratio (FCR) was decreased in all pST treatment groups, there being no significant difference between the groups. Final P2 was significantly reduced in all treatment groups. Although there were no significant differences between the 3 different pST treatment regimes, the 2D and the MWF pigs deposited 1.9 and 1.5 mm more backfat, respectively, than the D pigs. Estimated lean tissue deposition was increased by pST treatment, with no significant difference between the different pST treatment regimes (Table 2 ). Estimated fat deposition was significantly decreased in the D pigs, with the alternative injection regimes being intermediate. Thus, although fat deposition in the MWF pigs was not significantly different from that in the Sal pigs (237 v. 201 g/day, P = 0.22), it tended to be higher than that in the D pigs (153 v. 201 g/day, P = 0.10). There was no effect of pST treatment on dressing percentage.
The interactions between pST treatment, week of treatment, and day (Saturday v. Sunday) on feed intake are shown in Table 3 . In addition to the previously described differences in feed intake between the different pST treatment groups, it was observed that feed intake was significantly greater on Sunday than on Saturday. This was principally due to the MWF pigs eating 400 g more on Sunday than on Saturday as indicated by the significant (P < 0.001) interaction between pST treatment regime and day.
The metabolite profiles showed clear and consistent responses to pST treatment (Table 4, experiment for the Sal pigs. In all of the pST-treated pigs, PUN decreased after the first injection. For the D pigs, PUN remained low for the entire experiment. For the 2D pigs there was a definite post-injection response, with PUN being lower 24 h after injection than 48 h after injection. The MWF pigs showed a similar sawtooth response except that during the longer 72-h break between pST injection on Friday (Day 4) and sampling on Monday morning (Day 7), there was a further increase in PUN (Fig. 2, Table 4 ). High levels of PUN were observed on every Monday morning in this group of pigs, although PUN was still less than in the Sal pigs at this time (Table 4) . Plasma glucose was relatively constant across the experiment for the Sal pigs (Table 4 , Fig. 3 ). In all of the pST-treated pigs, glucose increased after the first injection. For the D pigs, plasma glucose remained high for the entire experiment. For the 2D pigs there was a definite post-injection response, with glucose being higher 24 h after injection than 48 h after injection. The MWF pigs showed a similar sawtooth response except that during the longer 72-h break between pST injection on Friday (Day 4) and sampling on Monday morning (Day 7), there was a further decrease in glucose (Fig. 3, Table 4 ). Low levels of glucose were observed on every Monday morning in this group of pigs, although glucose was still higher than in the Sal pigs at this time.
Average PUN concentrations in plasma samples 1-7 (taken on the first Tuesday-Monday) were positively related (R = +0.733) to FCR (Fig. 4) .
Conversely, average plasma glucose concentrations in plasma samples 1-7 (taken on the first Tuesday-Monday) were negatively related (R = -0.683, P < 0.001) to FCR (Fig. 5) . The ratio of PUN:glucose in these same samples was positively related (R = +0.780, P < 0.001) to FCR (Fig. 6) .
Discussion
Although pST resulted in quite profound reductions in feed conversion rate, somewhat surprisingly there was little effect on growth rate. Generally, pST treatment increases daily gain (Campbell et al. 1991) , although in some cases this is not the case (Lee et al. 2000) . In the present study the estimated rates of tissue deposition in each of these groups provide a clue to the metabolic and growth responses to the different injection regimes. For example, although the Sal pigs and the D pigs grew at similar rates, there were quite marked differences in the proportion of lean and fat that they deposited. Thus, lean tissue deposition was increased and fat deposition decreased in the D pigs. Estimated lean tissue deposition for the 2D and MWF pigs was increased to a similar extent as for the D pigs, whereas estimated rates of fat deposition were intermediate. These estimates of body tissue accretion are consistent with the feed intake responses to the different regimes. Thus, it appears that treatment of pigs with pST every second day or on every Monday, Wednesday, and Friday may provide similar rates of lean tissue deposition as daily pST injection but will result in intermediate effects on feed intake and fat deposition. This may be a recommended strategy in males or for genotypes that have a low intrinsic rate of fat deposition and feed intake. If the MWF injection strategy is used then it would probably be wise to avoid selling pigs on a Monday as they would likely have a large gut fill and decreased dressing percentage. In the present study the pigs were slaughtered on a Tuesday after only having 2 kg of feed offered to them on the preceding Monday morning.
The major benefits of pST treatment of growing pigs are that protein deposition is increased while lipid deposition is reduced. These adaptations in metabolism and substrate use, while in some ways independent (Campbell et al. 1991) , are still co-ordinated to favour protein deposition. Thus, changes in the metabolism of a variety of tissues such as muscle, adipose tissue, and the liver are linked. For example, pST results in an increase in protein synthesis (particularly in muscle and liver) and a reduction in amino acid catabolism (Tomas et al. 1992) . Since fat deposition is reduced during pST treatment, there is also a reduced requirement for glucose (a precursor for fatty acids), much of which is synthesised from amino acids in the liver. As indicated by the daily profiles of PUN and glucose for each of the pST injection regimes, these metabolites appear to be sensitive indicators of the metabolic and production responses to pST. Daily pST treatment caused a pronounced decrease in PUN over the first few days of treatment, after which time PUN remained low and relatively stable. Other researchers have shown that PUN is decreased during pST treatment of growing pigs (Wray-Cahen et al. 1991; Dunshea et al. 1992a) and Krick et al.(1992) showed that pST causes a dose-dependent decrease in PUN. Dunshea et al. (1992a) found that PUN decreased within hours of the first injection of pST, and that 60 and 85% of the ultimate reduction in PUN had occurred by 16 and 48 h after the first injection, respectively. A similar PUN response was observed by Lee et al. (2000) who also found that PUN returned to basal level within 96 h after the last injection of pST. Plasma urea nitrogen is an end-product of amino acid catabolism (i.e. oxidation and glucose synthesis) and is an indicator of dietary protein excess. Therefore, there is strong metabolic evidence to suggest that PUN should be a very good indicator of pST bioactivity. From the present study it was apparent that daily injection with pST resulted in the most consistent and prolonged reduction in PUN and, by inference, protein oxidation. The alternative injection regimes also caused reductions in PUN 24 h after injection, but by 48 h after injection, PUN was already returning towards basal level. By 72 h after injection (every Monday in the MWF pigs), PUN had almost returned to basal level. The increase in blood glucose concentrations after pST treatment is due to development of insulin resistance in peripheral tissue, and consequently a decrease in glucose incorporation into lipid (Dunshea et al. 1992a (Dunshea et al. , 1992b (Dunshea et al. , 1992c Dunshea 1993) , rather than to an increase in glucose production (Dunshea 1993; Dunshea et al. 1996) . Many researchers have reported elevated glucose concentrations in response to pST treatment, and as with PUN, the response happens within hours (Wray-Cahen et al. 1991; Dunshea et al. 1992a Dunshea et al. , 1996 . In response to decreased utilisation of glucose, glucose production also decreases but not sufficiently to offset the increase in glycemia. The reduction in glucose production is due to decreased gluconeogenesis as feed intake does not decrease immediately. However, feed intake can be decreased on the day immediately after commencement of pST treatment (see Fig. 1 ). The temporal pattern for glucose production is very similar to the reduction in PUN, itself an indicator of gluconeogenesis from amino acids, which occurs after the first pST injection. This elegantly demonstrates how glucose production and utilisation are tightly linked and also how important gluconeogenesis is in the fed pig. In the present study it is apparent that daily injection with pST resulted in the most consistent and prolonged increase in glucose and, by inference, decrease in fat synthesis. The alternative injection regimes also caused an increase in plasma glucose 24 h after injection, but by 48 h after injection, plasma glucose was already returning towards basal level. By 72 h after injection (every Monday in the MWF pigs), plasma glucose had almost returned to basal level. These metabolic data are consistent with intermediate rates of fat deposition in the 2D or MWF pigs.
In conclusion, it appears that treatment of pigs with pST every second day or on every Monday, Wednesday, and Friday may provide similar rates of lean tissue deposition as daily pST injection but will result in intermediate effects on feed intake and fat deposition. This may be a recommended strategy in pigs that have a low intrinsic rate of fat deposition and feed intake.
